Background: Bare face L*a*b* values are needed to serve as a standard reference point for the development of base makeup products for Korean women. Methods: A total of 543 Korean women ranging in age from their 20s to 50s underwent spectrophotometer skin analysis under constant temperature (22 ± 2%) and humidity (50 ± 5%) conditions. Eight parts of each subject's face (center of the forehead, right cheekbone, right cheek, under the chin, left cheek, left cheekbone, philtrum, and under the lips) were measured, and average values were calculated. Subjects were then asked to complete questionnaires regarding their use and preferences for base makeup products. Results: Skin tone was classified into three categories (dark, normal, bright) based on L* values. Compared with the contrast value, the dark group L* was 60.66 and the normal group L* was 63.87 (with a difference of 3.21), and the bright group L* was 66.66 (with a difference of 2.79 from the normal group). According to the survey responses regarding preferences and use of base makeup products, the most common answer for all respondents regardless of age was that their skin tone was average or slightly darker than that of their peers. Preferred base makeup products usually were found to be of slightly brighter color than actual skin tone. As in previous studies, the most frequently used base makeup product regardless of age was BB cream. Conclusions: Given that the average L* standard deviation between groups was 3, a difference of one step in skin tone may be considered to be equivalent to this L* value difference. The survey results suggest that target colors for base makeup product development should be brighter than bare face tones.
Background
Skin tone provides not only a reflection of individual heritage, but over the course of human history, certain variations in tone have been accepted as standards of beauty (Wagatsuma 1967) . In East Asian more than Western cultures, a particular reverence for white skin has unfortunately contributed to the widespread use of leadcontaining cosmetics, resulting in lead poisoning becoming a social issue (Dunbabin et al. 1992; Witkowski and Parish 2001) . Bleaching agents classified as medicinal ingredients are also illegally added to some cosmetics that target consumers seeking substantially whiter skin (Desmedt et al. 2014) .
Skin color is influenced by complicated interactions among a considerable number of factors including skin pigmentation; thickness; water content; relative proportions of melanin, hemoglobin, and bilirubin; seasonal environment; genetic factors; ultraviolet ray exposure; and personal health status (Jablonski 2006; Muehlenbein 2010) . Melanin is the black or brown pigment directly responsible for skin color that is present in the skin, hair, and tissues of plants and animals. Melanin undergoes oxidation according to the following process: tyrosine → 3,4-dihydroxyphenylalanine (DOPA) → DOPA quinone → melanin (Kang et al. 2007 ). Research on melanin inhibition for medicinal, cosmetic, and food applications is being actively pursued. Among these, whitening cosmetics and base makeup products are worth looking at more closely.
Attempts to achieve consistent skin tone have led to breakthroughs in base makeup products that can mask skin imperfections and correct skin tone (Couteau et al. 2016) . In the cosmetic industry, Korean products are currently leading the global market, with popular items ranging from blemish balm (BB) cream to the cushion compact (Park and Chin 2010; Baek 2015) . To permit further advances in skin tone matching and enhancement, it has therefore become necessary to establish L*a*b* value ranges to inform the coloring of base makeup products.
Previous studies measuring skin tone variations among Korean women were conducted mainly for personal color and color research in the fashion industry. The numbers of subjects in these studies were extremely limited, making it somewhat difficult to interpret and generalize these data. Until now, there has been limited utilization of these findings in the field of cosmetic science. In addition, as data from various age groups were not collected, average values could not be calculated. In this study, facial L*a*b* values were measured for 543 Korean women residing in one metropolitan (Seoul, the capital of Republic of Korea) area who ranged in age from their 20s to 50s, and their use of base makeup products was surveyed.
Methods

Measurement of facial tone L*a*b* values
Clinical testing of facial tone L*a*b* values was performed for 543 Korean women ranging in age from their 20s to 50s under constant conditions of temperature (22 ± 2%) and humidity (50 ± 5%) . All clinical research was based on the revised Declaration of Helsinki (Shin 2009) , and the study protocol was approved by the institutional review board (IRB) of the Korea Institute of Dermatological Sciences (IRB no. KIDS2016W217). All subjects used the same facial cleanser to clean off their makeup and sunscreen to reveal a bare face. After cleansing, subjects rested for 30 min before testing (Binggeli et al. 2003) . Then, using a spectrophotometer (CM-2600D, Konica Minolta, Japan), an experienced lab technician measured eight selected parts of the face for each subject: center of the forehead, right cheekbone, right cheek, under the chin, left cheek, left cheek bone, philtrum, and under the lips. Each measurement was taken three times consecutively, and an average was calculated (Weatherall and Coombs 1992; Piérard 1998; Ahn et al. 2002; Latreille et al. 2007 ).
The spectrophotometer is a device that measures chromaticity coordinates by measuring the intensity of wavelengths on a sample surface. Measurement modes include Specular Component Inclusion (SCI), which is a total reflection mode that measures both specular reflections (as from a glass-like surface) and diffuse reflections (as from a coarse surface), and Specular Component Exclusion (SCE), which is a mode measuring only diffuse reflections while excluding specular reflections. L*a*b* values indicate the error of color, and one can quickly see the direction of the conversion. This method is therefore widely accepted as a method based on the complementary relationships between yellow, blue, green, and red, whereby humans perceive color. L* (lightness) values are luminosity indices, expressed as (Baulieu et al. 2000; Lee et al. 2002; Armas et al. 2007) .
As described in a previous study, L* values sorted in ascending order were used to divide the study subjects into three groups, each including 181 participants (Jung et al. 2013) . The group in which the L* values were darkest was designated dark; the middle group, normal; and the brightest group, bright. Face color was not divided by age because there were subjects who were much brighter or darker than their peers within the same age group, and base makeup products on the market are divided by facial color rather than by age.
Questionnaire responses
In order to investigate use and preferences for base makeup products, following completion of facial color measurements, subjects were asked to complete a questionnaire consisting of nine items. The questionnaire included three items requesting information on demographic characteristics, three on skin color, and three on base makeup product use and preferences. To compare questionnaire responses by age, subjects were divided into two age groups: subjects between 20 and 39 years old (20s-30s) and subjects between 40 and 59 years old (40s-50s) (Shin and Park 2015) .
SPSS, version 18.0 (SPSS Inc., Chicago), was used after data coding for data processing, and statistical results were considered significant when p < 0.05. Frequency analysis was performed for the demographic analysis of the subjects, and the χ 2 goodness of fit and independence tests were used to compare the actual use and preferences for base makeup products by age.
Results
Facial color L*a*b* values among native Korean women Measured L* values, which is the parameter representing lightness, were 60.66 ± 2.16 for the dark group, 63.87 ± 2.27 for the normal group (with a difference of 3.21 compared with the dark group), and 66.66 ± 2.34 for the bright group (with a difference of 2.79 compared with the normal group). The a* values, which is the parameter representing redness, decreased as skin color became brighter: 12.63 ± 1.36 for the dark group, 11.10 ± 1.67 for the normal group, and 9.84 ± 1.62 for the bright group. The b* values, which is the parameter representing yellowness, were 17.82 ± 0.65 for the dark group, 18.12 ± 0.54 for the normal group, and 17.47 ± 0.64 for the bright group, with no significant differences found among groups (Table 1) .
When looking at these results, significant differences in yellowness were not found among subjects of the same race, but differences in redness were observed. In comparison, values measured in a previous study including 110 Korean women were the following: L* was 63.4 ± 2.5 (similar to the normal group in this study), a* was 13.0 ± 1.8 (slightly more red than the dark group in this study), and b* was 15.3 ± 1.9 (more blue than all groups in this study). Only the L* values were similar between studies (Jung et al. 2013 ).
Facial color simulation using an Asian model
Using Adobe Photoshop® CS5, average values were applied to the face of an Asian model. The image mode was set to Lab Color, and after loading a picture, a new transparency layer was created and overlaid using the Paint Bucket tool. The overlay was created using the layer settings and was able to generate the picture sequence shown in Fig. 1 , which presents dark, normal, and bright facial color examples.
Differences in base makeup product use for skin color correction by age
In order of use, the products applied for skin color correction in the 20s-30s group were BB cream, foundation, and cushion compact, whereas in the 40s-50s group, the order was BB cream, cushion compact, and tinted sunscreen (Table 2) . BB cream was reported as the most frequently used product regardless of age. As in previous studies, all ages reported the highest preference for BB cream, which confirms a previous report that BB cream is preferred over other base makeup products.
Color notation of main base makeup products for skin color correction by age A specific system for expressing skin color by numbering exists only in Korea. This system uses two digits to indicate differences in color. A first number of 1 refers to pink, 2 refers to beige, and 3 refers to brown. The second number is the lightness value, indicating brightness, with smaller numbers indicating brighter coloration and larger numbers indicating darker shades (Shin 2016) . Although there were some differences in the color notation of the most frequently used base makeup products between the two groups, 75.1% of respondents reported using base makeup products no. 13, no. 21, and no. 23, respectively (Table 3 ). This suggests that additional research is needed in order to determine whether the subjects perceive their skin color brightness as a number.
Differences in perceived skin color brightness by age
Subjects in both the 20s-30s and 40s-50s groups reported most frequently that they perceive themselves to have average skin color compared to their peers, and the next most common answer was that they perceive themselves to have slightly darker skin than others (Table 4) . Among all subjects, 36.8% responded that they had slightly or much darker skin color than others, but 21.6% responded that they perceived themselves to have slightly lighter or much lighter skin color than others.
Comparing self-perceived skin color with the color of base makeup products currently in use
Both age groups were found to use a slightly brighter product color that would be entirely consistent with their actual skin color (Table 5 ). There were very few respondents using far darker or brighter colors, but it is meaningful to note that the coloring of the base makeup products was most often chosen to make the skin color lighter than natural skin color.
Comparing the most important considerations when selecting base makeup products for skin color correction by age
Makeup product measurement items from previous research papers were reviewed (Lee et al. 2014) . In order of response frequency, the 20s-30s group answered that they are worried about product adhesion, long-lasting effect, and coverage (Table 6 ). The 40s-50s group answered that their most important considerations are coverage, product adhesion, and color matching with the skin. There was a limit to the degree of equivalence with the other five view items because the coverage effect surveyed in this item did not ask each subject whether they have their own reference point and prefer if it is weaker or, on the contrary, stronger.
Discussion
The face, which is always exposed, is continuously tanned by ultraviolet rays, and the lightness or redness of the skin may be further influenced by whitening cosmetics, dermatological procedures, or other variables. Therefore, when measuring facial color, even for the same subject, the season, weather, recently used whitening cosmetics, and any dermatological treatments are among the factors which may affect facial skin L*a*b* values. Therefore, defining a measurement time interval and specifying subject selection criteria are considered among the minimum preparatory steps for starting an experiment. This study only completed a one-time measurement, but in order to generate a more objective skin color chart, further studies will be needed to follow up with subjects and to study deviations by remeasuring the same subjects' skin tones. One limitation of this study was that only the L* values were used to divide subjects into the three skin color groups. In a previous study on color preference among Korean women, b* values affected certain color preferences among 180 subjects ranging in age from their 30s to 40s (Kang et al. 2014) . Although skin color is somewhat difficult to define simply using L* values, there are hundreds of unique skin colors if a* and b* values are included. Therefore, setting a certain reference point appears to be meaningful.
In the questionnaire evaluation, the fact that responses might vary by occupation or living environment within the same age range was not taken into account. Furthermore, it is necessary to separate preferences among subjects in their 20s, 30s, 40s, and 50s to grasp a better understanding. Finally, most respondents used the color notation (for example, no. 21, no. 23 ) from a numbering system that is used for base makeup products only in Korea. Further research is needed to investigate whether subjects perceive their skin color by the notation created by cosmetic companies, instead of having subjective standards about their skin color, such as perceiving that one's skin color is dark or bright.
Conclusions
In this study, facial colors among Korean women were classified into three colors: dark, normal, and bright. The color L*a*b* values of the bare face could be used as a reference for coloring base makeup products. When looking at the contrast value that was set as a reference point, the dark group was 60.66 and the normal group was 63.87, with a difference of 3.21. The bright group was 66.66, with a difference of 2.79 compared with the normal group. Considering that the average standard deviation for the L* values among the groups was 3, it can be assumed that a one-step difference in skin tone is equivalent to the addition or subtraction of 3 to the L* value.
Similarities and differences among the age groups were compared using a questionnaire, and in their responses regarding product preference and usage of base makeup products, most subjects gave a common answer that their skin color is average or slightly darker than their peers' , regardless of age. It was also found that subjects selected base makeup products that were slightly brighter than their skin color. Therefore, it would be meaningful to aim for a color that is brighter than the bare face when developing base makeup products. As found in previous studies, the most frequently used base makeup product in all age groups was BB cream. Availability of data and materials Not applicable.
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